Abstract-Chromium boride is characterized by interesting properties, like high melting point, hardness, and corrosion and abrasion resistances. In this paper a novel synthesis of chromium boride micropaticles via a solid state route at 600°C is reported. The X ray diffraction pattern taken from the reaction product indicated that the product was orthorhombic chromium boride. The CrB particle size (about 1-2 μm) is confirmed by FESEM and TEM images. Solid state reactions that were carried out in sealed autoclave sys tems provide an alternative, convenient, and environmentally friendly pathway for the fabrication of CrB.
INTRODUCTION
Metal borides have been considered as advanced structural materials because of their high melting point, high hardness, oxidation resistance, excellent thermal and electrical properties [1] [2] [3] [4] [5] . Among these borides, chromium-boron is known for its application as anticorrosive, superhard coatings of high chemical stability.
In the chromium-boron phase diagram, several binary phases (Cr 5 B 3 , CrB, Cr 3 B 4 , Cr 2 B 3 , and CrB 2 ) are known [6] . Among these, chromium boride CrB 2 and CrB are the most important due to its interesting prop erties, like high melting point, hardness, resistivity, corrosion and abrasion resistances [7, 8] . One of the issues with chromium boride is the difficult synthetic condition and presence of other binary borides as secondary phases. Synthesis of chromium boride has been carried out earlier by methods like combustion synthesis [9, 10] , pulsed magnetron sputtering [11] , and thermal evaporation process [12] . Qin and co workers have syn thesized chromium boride nanocrystalline via a solid state reaction carried out in an autoclave by using CrCl 3 , Mg, and MgB 2 as the reactants [13] . Ma and co workers have prepared chromium boride nanorods by reduc tion-boronation route at 650°C in molten salt in an autoclave [14] . Solid state reactions carried out in sealed autoclave systems provide an alternative, convenient and environmentally friendly pathway for fabrication of a wide range of non oxide compound nanocrystals, for the systems can be isolated from air [15, 16] . CrB has interesting properties like high melting point, hardness, resistivity, corrosion, and abrasion resistance. In this work, CrB microparticles were successfully prepared by the reaction of Cr 2 O 3 and NaBH 4 in an autoclave at 600°C for 10 h. XRD pattern indicated that the product was orthorhombic CrB. The sizes of CrB micropati cles were about 1~2 μm.
EXPERIMENTAL

Preparation of CrB Micropaticles
All the chemical reagents were purchased from Sinopharm Chemical Reagent Co., Ltd. and used without further purification. In a typical procedure, Cr 2 O 3 (0.50 g), and NaBH 4 (1.50 g) were mixed and added in an autoclave of 20 mL capacity. The autoclave was sealed and heated in an electric stove with a heating ramp rate of 10°C/min and maintained at 600°C for 10 h, and then it was cooled to room temperature naturally. The precipitates in the autoclave were collected and washed with absolute ethanol, hot dilute hydrochloric acid, and distilled water several times to remove the impurity . The final product was dried in vacuum at 60°C for 6 h. 
Characterization
Powder X ray diffraction (XRD) measurement was carried out with a Philips X'Pert diffractmeter (CuK α λ = 1.541874 Å; Nickel filter; 40 kV, 40 mA). Field emission scanning electron microscope (FESEM) images were taken on a JEOL JSM 6300F SEM. Transmission electron microscopy (TEM) images, high resolution transmission electron microscopy (HRTEM) images and selected area electron diffraction (SAED) were per formed on a JEOL JEM 2010 microscope operating at 200 kV.
RESULTS AND DISCUSSION
The Powder X ray diffraction (XRD) pattern of the sample prepared at 600°C is shown in Fig. 1 The morphology and structure of the as prepared sample were further analyzed by FESEM. The CrB micropaticles were synthesized on a large scale, as revealed in Figs. 2a, 2b where a panoramic FESEM image of the product is displayed. Figure 2c presents a middle magnification FESEM image of the product, exhibit ing that all particles were dense. The high magnification FESEM image (Fig. 2d) indicates that the sizes of CrB micropaticles were about 1-2 μm. The result confirms that this method can be used for preparing parti cles with homogeneous structures. Figure 3a shows an overview TEM image of the dispersed CrB micropaticles at low magnification. Figure  3b presents a high magnification TEM image of the sample, revealing that the CrB architecture is about 1 μm. The HRTEM image recorded on a single orthorhombic CrB particle is shown in Fig. 3b (marked with a cir cle). The average distance between the neighboring fringes (shown in Fig. 3c ) is about 0.236 nm, correspond ing to the (021) plane of orthorhombic CrB. The corresponding SAED pattern (Fig. 3d) could be indexed as orthorhombic CrB (021) (221) and (200) 4. CONCLUSIONS In summary, CrB micropaticles were successfully prepared by the reaction of Cr 2 O 3 and NaBH 4 in an autoclave at 600°C for 10 h. The XRD pattern indicated that the product is orthorhombic CrB. The structure and morphology of the obtained product was derived from FESEM, HRTEM and SAED. The sizes of CrB micropaticles were about 1-2 μm. Solid state reactions carried out in sealed autoclave systems provide an alternative, convenient and environmentally friendly pathway for fabrication of metal borides, for the systems can be isolated from air. This work is supported by National Natural Science Foundation of China (No. U1404505), The Program for Innovative Talent in University of Henan Province (16HASTIT010) and Henan Province Projects (14A150047, ZX2014047).
